I developed two versions of the twin threshold model (TTM) to assess risk-sensitive foraging decisions by rufous hummingbirds. The model incorporates energy thresholds for both starvation and reproduction and assesses how three reward distributions with a common mean but different levels of variance interact with these critical thresholds to determine fitness. Fitness, a combination of survival and reproduction, is influenced by both the amount of variance in the distributions and the relative position of the common mean between the thresholds. The model predicts that risk-intermediate foraging is often the optimal policy, and that risk aversion is favoured as the common mean of the distributions approaches the starvation threshold, whereas risk preference is favoured as the common mean approaches the reproduction threshold. Tests with free-living hummingbirds supported these predictions. Hummingbirds were presented with three distributions of nectar rewards that had a common mean but Nil, Moderate or High levels of variance. Birds preferred intermediate levels of variance (Moderate) when presented with all three rewards simultaneously, and became more risk-averse as the mean of the distributions was decreased but more risk-prone as the mean was increased. Birds preferred Nil when it was paired with Moderate or with High, but preferred Moderate in the presence of Nil and High together. This reversal of preference is a violation of regularity, conventionally interpreted as irrational choice behaviour. I provide an alternative version of the TTM demonstrating that violations of regularity can occur when relative instead of absolute evaluation mechanisms are used.
I developed two versions of the twin threshold model (TTM) to assess risk-sensitive foraging decisions by rufous hummingbirds. The model incorporates energy thresholds for both starvation and reproduction and assesses how three reward distributions with a common mean but different levels of variance interact with these critical thresholds to determine fitness. Fitness, a combination of survival and reproduction, is influenced by both the amount of variance in the distributions and the relative position of the common mean between the thresholds. The model predicts that risk-intermediate foraging is often the optimal policy, and that risk aversion is favoured as the common mean of the distributions approaches the starvation threshold, whereas risk preference is favoured as the common mean approaches the reproduction threshold. Tests with free-living hummingbirds supported these predictions. Hummingbirds were presented with three distributions of nectar rewards that had a common mean but Nil, Moderate or High levels of variance. Birds preferred intermediate levels of variance (Moderate) when presented with all three rewards simultaneously, and became more risk-averse as the mean of the distributions was decreased but more risk-prone as the mean was increased. Birds preferred Nil when it was paired with Moderate or with High, but preferred Moderate in the presence of Nil and High together. This reversal of preference is a violation of regularity, conventionally interpreted as irrational choice behaviour. I provide an alternative version of the TTM demonstrating that violations of regularity can occur when relative instead of absolute evaluation mechanisms are used. The economic concept of risk sensitivity (Friedman & Savage 1948) has had a strong effect on foraging theory because animals, like humans, are sensitive to variance as well as mean returns (Caraco 1980; Real 1980 ). The energy budget rule (Stephens 1981) summarizes the concept concisely by positing a situation in which an animal forages for a critical period and must acquire sufficient energy to surpass a critical requirement deemed the starvation threshold. When the common mean of the energy returns is greater than the threshold, the animal should choose the least variable option to minimize the chance of starvation. When the mean of the returns is less than the threshold, the animal should choose the most variable option, because it provides the greater chance of surpassing the starvation threshold. In each case, the appropriate choice maximizes the chance of survival, and these short-term decisions map well onto long-term fitness (McNamara & Houston 1992) . The terms riskaverse and risk-prone refer to the avoidance or acceptance of variation.
Empirical studies support some aspects of risk-sensitive foraging theory. Animals tend to be averse to variation in amount of reward and can sometimes be made risk-prone through careful experimental manipulations of energy budgets (reviewed by Kacelnik & Bateson 1996) . Generally, these studies offered animals a choice of two options with equal means but different levels of variation. Animals on positive energy trajectories customarily tend to be risk-averse. Hummingbirds too are usually riskaverse (Stephens & Paton 1986; Waser & McRobert 1998 ), but Hurly & Oseen (1999 reported an exception. Free-living rufous hummingbirds chose between three options with the same mean return: one constant, one with moderate variance and one with higher variance. When offered a traditional comparison of constant reward versus moderate variation, they chose the constant reward. When offered all three rewards simultaneously the hummingbirds unexpectedly preferred moderate variance. Thus, the hummingbirds seemed to prefer an intermediate level of risk, and also reversed their preference between constant and moderate variance rewards depending upon whether a third option, high variance, was included in the comparison set. This
